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REACTION CONTROL SYSTEM HELIUM PRESSURE REGULATOR FILTER FAILURE 

STATEMENT OF ANOMALY 

The end caps of two of t h e  four command module r eac t ion  c o n t r o l  sys- 
tem helium pressure  r egu la to r  i n l e t  f i l t e r s  were bulged. 

SYSTEM DESCRIPTION 

The command module r eac t ion  control  system uses redundant p rope l l an t  
tanks  pressur ized  by redundant helium sources. Interconnection c a p a b i l i t y  
i s  provided t o  allow e i t h e r  of t h e  helium sources t o  p re s su r i ze  a l l  pro- 
p e l l a n t  tanks. 

The helium i s  s to red  i n  t h e  two tanks at  4150 p s i .  Each tank has 
a pressure  reduct ion  system ( f i g s .  1 and 2 )  cons i s t ing  of a 0.055-inch 
f low-l imit ing o r i f i c e  feeding  two pa i r s  o f  s e r i e s  redundant r egu la to r s  
through pyro technica l ly  ac tua ted  i s o l a t i o n  valves. The pyrotechnic valves 
each conta in  a 40-micron o u t l e t  f i l t e r  t o  t r a p  any debris generated dur- 
i ng  a c t i v a t i o n .  The r e g u l a t o r s  a r e  provided with 25-micron i n l e t  f i l t e r s .  

DISCUSSION 

The command module r eac t ion  control  system helium pressure r egu la to r s  
were removed, disassembled, and examined as p a r t  of t h e  i n v e s t i g a t i o n  of 
a r e g u l a t o r  leakage problem which occurred on t h e  Apollo 16 lunar module. 
The command module and lunar  module r e g u l a t o r s  a r e  i d e n t i c a l .  The lunar 
module problem i s  discussed i n  section of 14.2.4 of t h e  Apollo 16 mission 
r e p o r t .  

"he regu la to r  i n l e t  f i l t e r  end caps were found bulged 0.005 t o  0.070 
inch beyond t h e  edge of t h e  w e l d  l i p  ( f i g .  3 ) .  
w i r e  s t r ands  i n  one of t h e  f i l t e r s  were broken and t h e  r a t i n g  o f  t h e  f i l -  
t e r  w a s  increased  from 25 t o  94 microns. 
w i r e s  ( f i g .  4 )  and t h e  breaks were d u c t i l e  separa t ions .  

About 5 percent of t h e  

The broken s t rands were warp 

A t  system a c t i v a t i o n ,  t h e  pyrotechnic i s o l a t i o n  valves are operated 
Differences i n  r e l a y  i n  p a i r s  by two d i f f e r e n t  r e l a y  c i r c u i t s  ( f i g .  1). 

pu l l - in  times and valve ac tua t ion  times may r e s u l t  i n  2 t o  3 mill iseconds 
d i f f e r e n c e  between valve opening times. 



2 

L F low- I imi t ing 
or i f i ce  

Pvrotecl in ic 

1 i so la t i on va Ive 

I 

F i y i i r e  1 .- 

To propel lant  
tanks 

. 

I 
I 
I 

I 4 r  - - I +28Vdc 
I I 
I 
I 

+28 Vdc 

- React io i i  coi i t ro l  systeii i  
I I ~ ~ S S I I ~ I Z  i t iq  sw I t c h  

Heli i i i i i  Ipressurizatioii for react1011 co i i t ro l  sys tem.  



Tee 

a 
INLET 

3 

alve 



4 



5 

Figure 4.- Weave pattern of f i l ter. 



When the  f i r s t  valve opens, a pressure  surge propagates from t h e  
valve t o  the  i n l e t  s i d e  of  t h e  two series r egu la to r s .  The surge i s  dr iven 
by t h e  he l iumtank  pressure of  4150 p s i .  
delayed by 2 mi l l i seconds ,  a pressure  surge a l s o  propagates from t h e  sec- 
ond valve t o  t h e  i n l e t  o f  t h e  r egu la to r s  i n  t h a t  l e g ,  bu t  t h e  d r iv ing  
pressure  w i l l  be only 2500 p s i  s ince  t h e  flow l i m i t i n g  o r i f i c e  i n  t h e  he- 
l i u m  tank o u t l e t  l i n e  w i l l  not pass  enough helium i n  2 mil l iseconds t o  
maintain the  valve i n l e t  manifold pressure .  The pressure surges w i l l  af- 
f e c t  t h e  f i l t e r s  i n  both r egu la to r  legs  of each p res su r i za t ion  system, 
but  t h e  f i l t e r  rece iv ing  t h e  surge with t h e  l a r g e r  d r i v i n g  pressure  will 
be most a f fec ted .  

If t h e  second valve opening i s  

I n l e t  f i l t e r s  on a lunar  module system were not bulged when examined 
a f te r  a spec ia l  a c t i v a t i o n  t e s t .  
are subjected t o  l e s s e r  pressure  surges because o f  a 0.028-inch flow- 
l i m i t i n g  o r i f i c e  i n  each r egu la to r  l e g  between t h e  pyrotechnic i s o l a t i o n  
valve and the  s e r i e s  r egu la to r s .  

The lunar  module regula tor  i n l e t  f i l t e r s  

Yielding o f  t h e  f i l t e r  cap with some wire  breakage, as seen i n  t h e  
Apollo 16  f i l t e r s ,  may occur and r e s u l t  i n  degradation of t h e  f i l t e r  t o  
a 100-micron r a t i n g .  In  any event ,  a 40-micron f i l t e r  on t h e  o u t l e t  of 
t h e  pyrotechnic i s o l a t i o n  valve provides p ro tec t ion  t o  t h e  system. 

If t h e  e n t i r e  f i l t e r  and cap should break,  t h e  end cap would move 

If somehow t h e  screen jammed i n  
i n t o  t h e  regula tor  and most l i k e l y  be  t rapped within t h e  regula tor  body 
by t h e  poppet r e t u r n  sp r ing  ( f i g .  5 ) .  
t h e  main poppet s e a t ,  t h e  secondary r egu la to r  would cont ro l  t h e  pressure .  

CONCLUSIONS 

The f i l t e r  element end caps were bulged by t h e  helium pressure surge 
Some end caps may bulge and a l so  some w i r e  separa t ion  during ac t iva t ion .  

may occur during f u t u r e  command module r eac t ion  con t ro l  system a c t i v a t i o n s ;  
however, system performance should not be a f f ec t ed .  

CORRECTIVE ACTION 

The r eac t ion  
hardware, system, 

con t ro l  system design i s  acceptable  and 
o r  ac t iva t ion  procedures i s  requi red .  

no change i n  
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